Introduction
All vegetative parts of the peach contain a glucoside which may be hydrolyzed to form hydrocyanic acid, benzaldehyde, and glucose by the action of any enzyme, or enzymes, also present in the various tissues. The cyanogenetic glucoside or glucosides are not present in the same concentration in all parts of the plant. Thus in the fruit flesh it is found only in very minute amounts, although some investigators (12) have reported it to be absent from this part. Cyanogen compounds are known to occur in many plants, however, but they are supposed to be present only as glucosides. Nevertheless, WILLAMAN (26) and others have found in some plants what was regarded as either free hydrocyanic acid or hydrocyanic acid from a very unstable glucoside. Although no free hydrocyanic acid is known to exist in the peach, the cyanogenetic glucoside, or glucosides, are either more stable in dormant or slowly growing plants than in rapidly growing ones, or else their specific enzymes are relatively inactive in the slowly growing plants.
Because of the presence of a nitrogenous glucoside, or glucosides, peach tissue cannot be macerated in the preparation of an extract of soluble nitrogen without a consequent loss of nitrogen. Certain modifications in the procedure commonly employed for plant analyses are necessary, therefore, and the nitrogen contained in this glucoside must be determined and removed completely from an aqueous extract of peach tissues before the remaining nitrogenous fractions can be determined accurately.
In the present study an attempt has been made to modify the methods commonly employed for the determination of the nitrogenous fractions in plants in general, so that they may be used for investigations of these fractions in the tissues of the peach (Prunus persica Stokes).
The methods described are suitable for uise with samples comprising 50
gm. or more of fresh plant material. Samples of this size have been found adequate to give representative results. Only aqueous extracts prepared from fresh plant material were regarded as suitable for use in this connection, since CHIBNALL (4) has shown that such extracts are more applicable than any others in a study of the nitrogen distribution in plants.
The investigation is admittedly incomplete in that it does not include a study of the composition of all parts of the peach plant sampled at various stages of growth. There may be parts of the plant that at times will require special handling previous to extraction, such as that indicated by ROBINSON (14) .
Materials and methods In these studies the stem material used consisted of twigs one year old or less taken from peach trees grown in an orchard or in sand cultures in a greenhouse. Only the non-woody portions of the root systems of peach trees grown in sand cultures were analyzed. The material consisted of the tender white ends of roots from which the cortex had not sloughed off, and 3-5 cm. of the older portions from which the cortex was missing.
PREPARATION OF TISSUE FOR EXTRACTION
In the preparation of an extract from peach tissue, it is necessary that the enzyme or enzymes which hydrolyze cyanogenetic glucosides be destroyed as early in the process as possible. Unless the material is handled quickly and precautions are taken to prevent or minimize the hydrolysis of the glucoside, some of the hydrocyanic acid liberated may be lost during the preparation of the extract. Before the enzyme is destroyed, however, the material must be prepared for aliquoting and extracting.
Accordingly the twigs were ground to shreds in a pencil sharpener (7) . When entirely woody, the whole twig could be ground in this manner. In the case of actively growing shoots, however, the terminal 8-10 cm. of growth, and the short, slender side branches could not be ground satisfactorily in a pencil sharpener because of lack of rigidity in the tissue. Such material was therefore minced finely with pruning shears and then mixed thoroughly with the shredded material and aliquoted.
METHOD OF EXTRACTING
In studying the nitrogen distribution in the leaves of Prunus latrocerasus, ROBINSON (14) placed a small sample of minced leaves in a flask, added cold water, and then inserted a stopper fitted with tubes to permit a strong current of air to be passed through the contents. The aeration was started and the flask was heated until the contents reached boiling point, at which it was held for 20 minutes. Any hydrocyanic acid distilled over was collected in 5 per cent. sodium hydroxide contained in a flask immersed in an ice bath. By continuing the aeration for three hours after boiling, she presumably recovered any hydrocyanic acid liberated from the tissue before the emulsin was destroyed. Through this procedure she recovered half or more of the cyanide present in cherry laurel leaves. The remaining cyanogenetic nitrogen was recovered by the action of emulsin upon an aliquot of the aqueous extract.
Inasmuch as P. laurocerasus and P. persica are closely related species, it was expected that peach stem tissue subjected to this treatment would likewise yield a portion of the nitrogen contained in its cyanogenetic glucoside. The amounts of hydrocyanic acid recovered from samples of peach tissue boiled and aerated in this manner2 varied widely. In the case of dormant and slowly growing peach stems no hydrocyanic acid was liberated. Samples comprised of the terminal 15-20 cm. of stems that were growing rather slowly in late August, however, liberated a very small amount of cyanogenetic nitrogen equivalent to only 0.0022 per cent. of their green weight. At the same time the stem tips of fast growing suckers taken from young trees yielded cyanogenetic nitrogen equivalent to 0.0145 per cent. of their green weights. During June, when the peach trees were growing most rapidly, a sample comprised of the terminal 15-20 cm. of rapidly growing stems liberated cyanogenetic nitrogen equivalent to as much as 0.0438 per cent. of the green weight. This sample contained a relatively large proportion of meristematic tissue rich in nitrogenous constituents. Nevertheless the unusually high proportion of hydrocyanic acid recovered in the distillate indicates that the cyanogenetic glucoside found in rapidly growing peach stems is less stable than that found in slowly growing stems, or else that the emulsin present in the former is more active than that in the latter.
It is interesting to note that no hydrocyanic acid was liberated when the leaves of rapidly growing peach stems were boiled and aspirated. The short period of time required for the preparation of a sample of the leaves before bringing them to a boil may have been too brief to allow an appreciable amount of hydrolysis of the cyanogenetic glucoside to take place.
VIEHOEvER, JOHNS, and ALSBERG (22) used various treatments for distilling the cyanogenetic nitrogen from Tridens flavus. Their results showed that no hydrocyanic acid, or at the most only a very small proportion, was liberated when the tissue was distilled without the addition of acid.
It is evident that a wide range of stability is exhibited by the various cyanogenetic glucosides found in plants. Indeed there is considerable indication of a variation in the stability of the cyanogenetic glucoside or glucosides found within a single plant (26) .
The preliminary boiling under a reflux condenser recommended by ROBINSON was therefore omitted in the preparation of extracts from dormant and slowly growing peach stems, and from roots and leaves. In this case an aqueous extract was prepared by covering a 50-gm. aliquot of the finely minced plant material with boiling water in a large beaker, and allowing the contents to boil for 20 minutes. Following this the tissue was transferred to "longeloth" and washed repeatedly, then placed in a mortar where the pieces minced with shears were pounded to a pulp. A further extraction was accomplished by boiling the tissue again for 10 minutes and then washing it several times, to make a volume of approximately 950 cc. This method is essentially the same as that adopted by VICKERY and PUCHER (21) for an investigation of the nitrogenous fractions in tobacco leaves. It has been studied recently by DAVIDSON, CLARK, and SHIVE (6) for use with a number of plants, including the peach.
When actively growing peach stems were extracted, it was necessary to use the preliminary distillation and aspiration recommended by ROBINSON. For this purpose the sample was placed in a 2-liter Florence flask and covered with 400 to 500 cc. of boiling water. After the aspiration had been continued for three hours, the sample was extracted as described in the preceding paragraph.
Owing to the bulkiness of the shredded peach stem tissue, samples heavier than 50 gm. were seldom used, and samples weighing from 80 to 100 gm. were always extracted with about 1900 cc. of water in order to insure a thorough removal of the soluble nitrogen present. Since minced peach roots are much less bulky than minced or shredded peach stems, root samples heavier than 50 gm. could be extracted conveniently with 1 liter of water.
A peach extract obtained in this manner contains very little nitrogen that can be coagulated by heating with very dilute acetic acid. Nevertheless the extract, having a volume of approximately 900 to 950 cc., was heated to boiling in a large beaker, 1.5 cc. of 10 per cent. acetic acid was added, and the solution was allowed to boil for 1 minute. The hot extract then was filtered through paper pulp in a Buchner funnel with the aid of suction.
In a previous investigation (6) , the amounts and distribution of soluble nitrogen in representative aliquots of peach stems were compared after extraction with boiling water as just described, and after grinding in a mortar with the aid of sand, followed by extraction with cold water. By the latter method the glucoside probably was exposed to the active enzyme for more than an hour longer than it was by the boiling method (1) concluded that all of the hydrocyanic acid that could be obtained from the leaves of Prunus virginiana was liberated during hydrolysis by boiling with 5 per cent. sulphuric acid for 4 hours, whereas that recovered from Andropogon sorghum and Panicularia nervata was liberated during hydrolysis for 1 hour with the same concentration of acid. This conclusion, however, was based upon the assumption that all of the cyanogenetic nitrogen present in the glucosides was liberated when further acid hydrolysis failed to release any more hydrocyanic acid, an assumption that has been shown (26) to be unjustified.
It was considered here that information concerning the extent to which hydrocyanic acid is liberated from extracts of peach tissue during hydrolysis with sulphuric acid might be of considerable importance. Thus if it were found that this form of nitrogen could be removed quantitatively by such treatment, then, by subtraction, Kjeldahl determinations before and after hydrolysis would reveal the amount of cyanogenetic nitrogen present. Furthermore, if this fraction could be removed during the 2.5-hour hydrolysis with 5 per cent. sulphuric acid used in the determination of amide nitrogen, the analysis would be simplified by the elimination of one procedure.
Accordingly aliquots of an extract prepared from peach stems were hydrolyzed by boiling for different lengths of time under condensers of the Hopkins type with two concentrations of sulphuric acid. The amounts of hydrocyanic acid liberated were determined by a comparison of the amounts of total nitrogen in the aliquots before and after hydrolysis. Similar aliquots of the same extract also were hydrolyzed with emulsin, following a method that will be described later. The results obtained, together with data showing the behavior of c.p. amygdalin when hydrolyzed with dilute sulphuric acid and with emulsin, are presented in table I. It is apparent that, during acid hydrolysis, the behavior of the cyanogenetic glucoside in a peach stem extract is very similar to that of amygdalin. It is also apparent that the decomposition of the glucoside by hydrolysis with dilute sulphuric acid is far from complete. Nevertheless duplicate aliquots, after hydrolysis for the same time and with the same concentration of acid, always yielded similar amounts of nitrogen. This fact would seem to indicate that, under similar conditions of hydrolysis, the decomposition of the glucoside stops at a fairly definite stage. In the more recent work of ROBINSON (14) , the cyanogenetic glucosides in Prunuis laurocerasus, as well as in Andropogon sorghum, were hydrolyzed by emulsin and the hydrocyanic acid formed was removed by aspiration for 3 hours and collected in 5 per cent. sodium hydroxide. This method has the advantage of being much more rapid than that used by WLLAMAN, since-the removal of hydrocyanic acid favors a more complete hydrolysis of the glucoside. This may be anticipated from the work of AULD (2), who has shown that the hydrolysis of amygdalin by emulsin may not go to completion in the presence of the hydrolytic products. KRIEBLE (8) has shown also that emulsin has synthetic properties in the presence of hydrocyanic acid and benzaldehyde.
It is of interest to note that none of the investigators studying cyanogenesis in plants recognized any need for adjusting the solution containing the glucoside to a reaction favorable to the hydrolytic activity of emulsin. Although this enzyme is active over a fairly wide range of pH values, its optimum range is comparatively narrow. VULQUIN (23) found that regardless of the agents used to adjust the reaction of the solution, and regardless of the quality of the emulsin used, the maximum cleavage of amygdalin occurs when the hydrogen ion concentration is between pH 5.2 and 5.7.
WILLSTXTTER and CSANYI (27) concluded that a reaction between pH 5.0 and 6.5 is favorable to the hydrolysis of amygdalin by emulsin, and that the optimum reaction is approximately pH 6. Inasmuch as the reaction of extracts of peach tissue prepared as described previously was usually about pH 4.6 to 4.7, it was considered advisable to determine the reaction at which such extracts yield the maximum amounts of hydrocyanic acid when hydrolyzed with emulsiTn. For this purpose a 1-liter extract was prepared from 50 gm. of peach stems (var. Cumberland), and duplicate 100-cc. aliquots of this were adjusted to the reactions shown in table II. The amounts of cyanogenetic nitrogen present were then determined by the method recommended by ROE (15) . Thus 0.053 gm. of emulsin was added to each aliquot contained in a 300-ce. Florence flask, which was then closed by inserting a rubber stopper containing aspiration tubes sealed by clamps placed on the rubber connections.
The aliquots were warmed to 40°-50°C. for 15 to 30 minutes, after which each flask was connected to a correspondingly numbered flask containing 100 cc. of 5 per cent. sodium hydroxide. The flasks were arranged in a series and a strong current of air was drawn through them for 4 hours. The cyanide collected in the sodium hydroxide flasks was titrated with N/100 silver nitrate, using 10 drops of 10 per cent. potassium iodide as an indicator. At the end of the period of aspiration the reactions of the various aliquots were determined again and were found to have changed in all but one instance. This change was due probably to the fact that the initial pH readings were taken before equilibrium in the extract had been established. From these two experiments it is apparent that the optimum reaction for the enzymatic hydrolysis of the cyanogenetic glucosides in an extract of peach tissue is approximately pH 5.5 to 5.7. It is apparent also that a reaction between pH 5.5 and 6.0 is satisfactory for most analytical purposes. This range of hydrogen ion concentrations is in good agreement with those found by VULQUIN (23) and by WILLSTXTTER and CSANYI (27) for enzymatic hydrolysis of amygdalin.
In this connection it is of interest to note that the reaction of an extract of peach stems prepared without the addition of any acid was found to be approximately pH 5.3 . Such a reaction, of course, is too low for the maximum recovery of the cyanogenetic nitrogen present. This does not mean, however, that the emulsin naturally present in peach tissues functions at pH 5 It is apparent, therefore, that for the complete recovery of the cyanogenetic nitrogen from extracts of peach tissue, as well as from solutions of amygdalin, an enzymatic hydrolysis should be employed. It is evident also that this hydrolysis should be conducted at a reaction between pH 5.5 and 6.0, and that the hydrocyanic acid formed should be removed rapidly.
AMMONIUM NITROGEN ROBINSON (14) displaced ammonia from extracts of P. laurocerasus with a saturated solution of borax during distillation in vacuo at 600 C., after the method of WATCHORN and HOLMES (24) . Since it has been shown (16, 19 ) that when 0.5 per cent. sodium hydroxide was substituted for a saturated solution of sodium carbonate in the method of SESSIONS and SHIVE (16), slightly but consistently larger amounts of ammonia were recovered from plant extracts, it was anticipated that the use of borax would not displace all of the ammonium nitrogen present in peach extracts. TIEDJENS (18) found that the amount of ammonium nitrogen recovered by aspiration with 0.5 per cent. sodium hydroxide corresponded to the amount recovered by eleetrodialysis.
Aliquots of a peach stem extract were analyzed for ammonium nitrogen, both by the method of WATCHORN and HOLMES and by the method of SESSIONS and SHIVE, using 0.65 per cent. sodium hydroxide. 4 When the results of the two methods were compared (table IV) , the difference in the amounts of ammonium nitrogen recovered was far greater than was expected. It was obvious that some form of nitrogen, not normally present as ammonium, was being liberated by the treatment with dilute sodium hydroxide but not by the treatment with borax. 
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In order to obtain further information regarding this point, the aliquots used were made neutral to litmus, adjusted to a reaction between pH 5 The failure to obtain complete recovery of cyanogenetic nitrogen following ammonia determinations suggested that ferro-or ferricyanides might be formed by a reaction between the soluble iron compounds present and any cyanide liberated from the glucoside in an alkaline solution. The nitrogen involved in such a reaction would of course be combined in an undissociated complex, from which it could be recovered neither by alkaline nor by enzymatic hydrolysis. The presence of such compounds in peach extracts, however, could not be established definitely. Nevertheless, the addition of ferrous sulphate to an extract before aspiration with 0.65 per cent. sodium hydroxide always resulted in the recovery of less nitrogen than was obtained by similar treatment without the addition of the iron salt. In table IV it will be observed that, when 500 mg. of ferrous sulphate were added to an extract, the amount of -nitrogen recovered corresponded closely with, but was somewhat higher than, the amount of ammonium nitrogen found in the extract, indicating that practically all of the cyanogenetic nitrogen was combined in some way with the iron salt.
Referring to table V again, it is observed that the cyanogenetic nitrogen not recovered from a peach extract during aspiration with 0.65 per cent. sodium hydroxide was recovered quantitatively after hydrolysis by boiling for 2.5 hours with 5 per cent. sulphuric acid. This demonstrated that no cyanogenetic nitrogen was lost during ammonia determinations, and showed that it was not combined as an iron cyanide complex, since the latter during hydrolysis with dilute sulphuric acid should form hydrocyanic acid instead of an ammonium salt.
It is apparent, therefore, that ammonium nitrogen in peach extracts should be determined by aspiration with sodium hydroxide only after the removal of cyanogenetic nitrogen. Also, since the use of 0.65 per cent. sodium hydroxide permits a more nearly complete displacement of ammonium nitrogen from the extracts, it is preferable to either borax or sodium carbonate for this purpose, especially since the addition of these substances produces a high salt concentration which often interferes with aliquoting for amino nitrogen.
TOTAL SOLUBLE NITROGEN
Following the removal of cyanogenetic and ammonium nitrogen, the aliquots in which these fractions were determined were neutralized, made faintly acid by the addition of a drop of acetic acid, and then evaporated to dryness. table V it was shown that, when the cyanogenetic nitrogen was not removed completely before the amide hydrolysis, the values obtained for the latter fraction were high. It is apparent, therefore, that the cyanogenetic nitrogen should be removed before amide nitrogen is determined.
Since emulsin contains a high percentage of nitrogen, it was realized that either this substance must be removed after the hydrolysis of the glucoside, or the amounts of nitrogen added by it to the amide, basic, amino, total soluble, etc., fractions must be determined. When, however, attempts were made to precipitate emulsin and to filter it from extracts, its complete removal was never satisfactorily accomplished. ROBINSON (14) likewise reported inability to remove by precipitation the nitrogen added by emulsin.
In order to determine how the addition of emulsin to a peacll extract would affect the various nitrogenous fractions studied, duplicate 0.0500-gm. samples of the enzyme were subjected to precisely the same procedure as were those used in the analysis of the extracts. The results presented in table VI show that the amounts of emulsin ordinarily added to an extract increase appreciably only the total soluble, amide, total amino, and basic nitrogen fractions. Hence it is obvious that, when the nitrogenous composition of the emulsin preparation is known and when carefully weighed amounts of the latter are used, the nitrogen thus added to the -above fractions of the extract may be deducted.
During the present study the extent to which the nitrogenous composition of different preparations of emulsin may vary was not investigated, since material from only a single preparation was used. Nevertheless it may be anticipated from the studies of WILLSTXTTER and OPPENHEIMER (28) that different preparations of emulsin might vary in their composition.
The following method was therefore adopted for the estimation of amide nitrogen in peach extracts: After the removal of two 100-ce. aliquots used for cyanogenetic, ammonium, and total soluble nitrogen determinations, the remaining 800 cc. of a 1-liter extract were evaporated to 200 cc. and divided into two equal portions. Since the remaining soluble nitrogen fractions in the extract were present only in very small amounts, their estimation in concentrated aliquots avoided the use of an unnecessarily large aliquot factor. Cyanogenetic nitrogen was then removed from each of these aliquots as described previously. Sulphuric acid sufficient to give a concentration of 5 per cent. was added and the amide nitrogen present was hydrolyzed to ammonium nitrogen by boiling under condensers for 2.5 hours. The aliquots were then neutralized and the total ammonium nitrogen present determined by aspiration with 0.65 per cent. sodium hydroxide. The increase in nitrogen recovered over that found previously in the ammonia was amide nitrogen.
HUMIN NITROGEN Following the removal of amide nitrogen, the aliquots were neutralized and the acid insoluble humin precipitate formed during the amide hydrolysis was filtered off. The precipitate was washed thoroughly with hot distilled water, dried, and Kjeldahlized. The (14) indicates that a loss of nitrogen as hydrocyanic acid may take place during the drying of peach tissue.
In accordance with these considerations, different lots of peach tissue, some containing nitrates and some free of nitrates, were analyzed for total nitrogen by the use of a sulphuric-salicylic acid mixture and zinc to fix and reduce nitrates. Samples consisting of 8 gm. of green tissue were weighed rapidly but carefully in triplicate, and covered immediately with the sulphuric-salicylic acid mixture. Other aliquots of the same tissues were placed in an oven operated at 1030 to 1050 C. for one-half hour, after which the temperature was lowered to 65°-70°C. until the material was dry.
These dried samples were ground in a drug mill, heated to 700 C. for one hour, and then cooled in a desiccator. Total It is obvious that peach tissue loses little if any of its nitrogen during the drying process. There is some indication of a slight loss of nitrogen from root tissue while drying, but there is no evidence of any loss occurring from stem tissue during similar treatment. The tender, white, non-woody portions of the peach roots used in these analyses contained considerably more of the eyanogenetic glucoside on a dry weight basis than did the stems. At the same time it is possible that the glucoside contained in peach roots is less stable than that found in the stems. WILLAMAN (26) believes that sorghum does not contain all of its cyanogenetic nitrogen in the form of dhurrin, and that at times a part, or all, of this form of nitrogen may exist in some less stable compound.
Peach roots may also contain a high percentage of nitrates, all of which may not be recovered by the modified Kjeldahl determination, unless the tissue is thoroughly dry before the sulphuric-salicylic acid mixture is added, and unless the digestion is conducted very slowly.
DISTRIBUTION OF NITROGEN
The amounts and distribution of nitrogen in peach trees vary tremendously with the conditions under which they are grown and with the activity of the plants at the time of sampling. In order to illustrate these variations, the percentages of the different nitrogenous fractions found in seedlings of Early Crawford, sampled while still growing in a greenhouse on November 1, are compared in table VIII no attempt has been made to ascertain the extent of varietal differences, the data show a wide range in the proportions of nitrogen found in the cyanogenetic, amide, amino, basic, and nitrate fractions.
Nitrates, for example, are not usually found in stems and leaves of peach trees grown in orchards in New Jersey, but they are sometimes present in small amounts in the tops of trees grown in sand cultures and supplied with nutrient solutions having high reactions and containing an abundance of this form of nitrogen. As shown in table VIII, the small non-woody roots of peach trees grown in sand cultures may contain considerably more nitrate than soluble organic nitrogen. When grown under orchard conditions, however, such roots seldom contain much nitrate nitrogen.
It is apparent that peach trees may exhibit wide differences in the distribution of their nitrogen. This is probably true for all plants. The significance of such differences in the peach cannot be considered here but will be dealt with in another publication. Summary 1. No hydrocyanic acid was liberated when dormant or slowly growing peach stems were minced rapidly and boiled according to the method recommended by ROBINSON (14) . With the same method of treatment the terminal portions of moderately or rapidly growing peach stems liberated very small to very appreciable quantities of hydrocyanic acid.
2. The optimum reaction for the enzymatic hydrolysis of the cyanogenetic glucosides in extracts of peach tissues is approximately pH 5.5 to 5.7. A reaction between pH 5.5 and 6.0 is satisfactory for most analytical purposes.
3. The cyanogenetic nitrogen present in peach extracts never was completely liberated during hydrolysis by boiling with various concentrations of sulphuric acid for different lengths of time.
4. During aspiration with 0.65 per cent. sodium hydroxide in the determination of ammonium nitrogen by the method of SESSIONS and SHIVE (16) , cyanogenetic nitrogen may be more or less completely hydrolyzed to ammonium nitrogen. Because of this it was found necessary to remove cyanogenetic nitrogen as a first step in the analytical procedure in order to avoid inaccuracies in the determination of ammonium and amide nitrogen.
5. The addition of a soluble iron salt to a peach extract was found to prevent almost completely the hydrolysis of cyanogenetic nitrogen to ammonium nitrogen in an alkaline solution. 6 
